Background: Gymnadenia conopsea (L.) R. Br. is an important perennial terrestrial 12 photosynthetic orchid species whose microbiomes are thought to play an important role 13 in promoting its growth and health. However, the assemblage of G. conopsea root-14 associated microbial communities is poorly understood. 15 
Actinobacteria, Verrucomicrobia, Chloroflexi, TM7 and Planctomycetes were 23 predominant bacterial taxa. The fungi classes of Leotiomycetes, Agaricomycetes, 24 Eurotiomycetes and Mortierellomycetes, as well as bacterial taxa Actinobacteria were 25 more abundant in G. conopsea from higher altitude location. Moreover, Dark septate 26 endophytes and Arbuscular mycorrhiza may have important role for G. conopsea to 27 adapt to high altitude environment.
28
Conclusions: Using G. conopsea as a model, we report a comprehensive analysis of 29 the structural and functional composition of the G. conopsea root-associated 30 microbiomes. Contrary to previous studies, biogeography was the main factor 31 influencing the microbial community in this study. Although the microbial composition 32 varied greatly by location, the symbiotic microorganisms of G. conopsea still have 33 certain specificity. This study offers a robust knowledge of G. conopsea root-associated 34 microbiomes and lends guidelines to the investigation of adaptation mechanism of G. 35 conopsea in high altitude environment. Our results also laying a foundation for 36 harnessing the microbiome for sustainable G. conopsea production. Moreover, these 37 results might be generally applicable to other Orchidaceae plants. 38 
39
Background 40 Terrestrial plants harbor abundant and diverse microorganisms that affect plant 41 distribution, growth, and health in a beneficial, harmful, or neutral way. Previous regarded as the plant host's extended genome, providing a wide range of potential 48 functional capacities [3, 5] . To enhance plant growth and health, it is essential to 49 investigate the community structure of microorganisms within the plant and their 50 function. So far, most research work has made on certain model and crop plant species, 51 such as Arabidopsis [6, 7] , rice[8], maize [9] , millet[10], populus [11] , and citrus [12] , the 52 results revealed clear taxonomically structured microbiome and the factors that due to the high market demand, over exploitation combined with the habitat destruction, 73 the internal endangered factors were its weak fertility and low breeding efficiency. 74 It was known that orchidaceae seeds are remarkably small, extremely light, lacking 75 endosperm (food reserves), the germination rate is very low under natural conditions, 76 and seeds germination in the wild may need colonization by a compatible fungus 77 providing carbohydrates, in addition, fungi are also an indispensable part of the life 78 cycle of Orchidaceae, such as establishment and growth of seedlings (subsequent 79 growth to a seedling) [14] . Early studies on the specificity between Orchidacea plants 80 and their mycorrhizal fungi were mainly based on cultivation methods or germination 81 tests under laboratory conditions and found a considerable phylogenetic breadth of 82 associated fungi [15] . Though it is widely recognized that fungi perform crucial roles in 83 Orchidacea plants plant, the impact of underground root-associated fungi on plant 84 growth and plant biodiversity is less well understood. Meanwhile, fungi cultivation 85 under laboratory conditions does not reflect the complexity of interactions under natural 86 conditions [16, 17] . Furthermore, due to their hidden lifestyle, the fact that many fungi 87 cannot be cultivated under normal laboratory conditions, and it is difficult to manipulate 88 the presence and diversity of fungi without contamination, or outgrowing contaminants 89 could have additionally biased these early results. 90 
91
Amplicon based community profiling approaches that amplify a broad taxonomic 92 spectrum of fungi largely eliminate these biases and allow the direct assessment of the 93 fungal diversity present within an orchid root [18] [19] [20] [21] . Recent investigations applying 94 molecular methods have shown a more complex picture, pointing to a considerable 95 specificity between some orchid species and their mycorrhizal fungi. Besides, 96 previously study showed that bacteria isolated from orchid also benefit for plant growth 97 and resistance to pathogens [22] . Nevertheless, at present, little is known about the For the present study, we collected root and soil samples of the wild-grown G. conopsea 104 plants from two different growth locations (habitats) and two developmental stages. 105 The dynamics of fungal and bacterial communities in G. conopsea of two distinct 106 compartments from two distinct growth locations at two developmental stages were 107 monitored using ITS2 and 16S rRNA gene amplicon sequencing technology. Multiple 108 factors contributing to microbial community variation were evaluated, and fungal and 109 bacterial functions were predicted according to their taxonomy. The large datasets from 110 6 the different conditions sampled in this study were used for identification of putative 111 microbial consortia involved in processes such as plateau adaptability. Through 112 dynamic studies of the microbiome composition, we provide insights into the process 113 of G. conopsea plants microbiome assembly, laying a foundation for harnessing the 114 microbiome for sustainable G. conopsea production. respectively, P value < 0.001 for all tests; Additional file 1: Table S4 ]. Whereas 172 according to the single factor, site was the strongest factor shaping these microbiome Table S4 ]. Together, these results implying that microbial communities vary 179 significantly between plant host biogeography, compartments and developmental 180 stages also impact G. conopsea microbial community composition. Tremellomycetes and Pezizomycetes decreased in LZ (Fig. 6b ). The fungal community 274 compositions among samples at the reproductive growth stage were more similar in two 275 sites. In the root samples, Mortierellomycetes was more abundant in LZ, whereas 276 Dothideomycetes and Eurotiomycetes were more prevalent in DXAL ( Fig. 6c ), as for 277 the soil samples, the relative abundance of Sordariomycetes, Dothideomycetes and 278 Eurotiomycetes were higher in DXAL, whereas that of Agaricomycetes was lower in 279 DXAL ( Fig. 6d ). 280 The difference of taxonomic structure in the bacterial communities was also examined 281 ( Fig. 7 , Additional file 2: Figure S3 and Additional file 1: Table S12 ). Proteobacteria, 282 Bacteroidetes, Acidobacteria, Actinobacteria, Verrucomicrobia, Chloroflexi, TM7, 283 Firmicutes and Planctomycetes as dominating phyla in root bacterial communities at 284 the vegetative growth stage, the relative abundance of these phyla was significantly 285 different between two sites (Fig. 7a ). The families belonging to the three dominant 286 (Proteobacteria, Bacteroidetes and Acidobacteria) phyla were listed, which contained 287 15 families and belonged to 8 classes ( Fig. 7b Likewise, for the soil samples, the difference of bacterial community composition 307 between two sites was shown in Additional file 2: Figure S3 and Additional file 1: Table  S12 , at the vegetative growth stage, the dominant phyla were Proteobacteria, 309 Actinobacteria and Acidobacteria (Additional file 2: Figure S3a ). Rhodospirillaceae For the difference of bacterial community composition between growth stage at two 350 sites was shown in Fig. 9 , Additional file 2: Figure S4 and Additional file 1: Chitinophagaceae (Saprospirae), Cytophagaceae (Cytophagia) were more abundant in 362 LZ (Fig.9b ), and Flavobacteriaceae (Flavobacteriia), Ellin6075 (Chloracidobacteria) 363 were more prevent in DXAL ( Fig.9d ).
365
For the soil samples, the differential core OTUs involved phyla were similar like root 366 samples, but the significantly enriched families in three dominant phyla were different 367 from root, whether in LZ or DXAL, the relative abundance of most families was higher 368 in the vegetative growth stage (Additional file 2: Figure S4 and Additional file 1: Table   369 S14). The distribution of Proteobacteria generally showed a decreasing trend from the Planctomycetes and TM7 were enriched in LZ soil samples at two developmental stages. Significantly Differential Core OTUs analysis 584 OTUs with occurrence frequency greater than 90% in the root or soil samples from each 585 group were referred to here as "core OTUs." To identify significantly differential core 586 OTUs between each pair of groups that need to compare, the Wilcoxon signed rank test 587 was implemented among core OTUs in each group, with relative abundance considered 588 separately in each sample. The P values of these tests were corrected for multiple testing 589 using the Benjamini and Hochberg (BH) method. The core OTUs enriched in each 590 group (adjusted P < 0.05) were then defined as "differential core OTUs". The 591 comparison of core taxa of the root/soil microbiome between each pair of groups were 592 based on differential core OTUs.
593
Microbial function prediction 594 We used FUNGuild[69] to classify each core OTU into an ecological guild to determine 595 if fungal functional groups differed in relative abundance between host biogeography 596 within compartment (root, soil) at two developmental stages. Core OTUs identified to 597 a guild with a confidence ranking of "highly probable" or "probable" were retained for 598 further analysis, whereas those with "possible" were removed. 
